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Introduction: The linear increase in SNR with field strength has in part driven the trend 
towards high-field imaging.  To achieve high B0 fields, the size of a magnet can be 
increased, or alternatively, the diameter of the bore can be decreased while keeping the 
same magnet footprint.  The latter solution can produce high fields while minimizing the 
size and cost of the system.  The drawback of smaller bore sizes is the inherent limitation to 
the size of object that can be imaged. 

The authors have recently acquired a 7-T Varian scanner with a 68-cm bore.  This 
system can support a 40-cm-inner-diameter gradient coil, which allows for head imaging 
only.  To circumvent this problem, a single-sided gradient coil can replace the head-only 
gradient coil.  The additional bore space would accommodate larger sample sizes and 
extend the functionality of the scanner to include localized imaging within the torso.  A 
three-axis, cradle-shaped gradient coil was developed as a prototype to test this concept.  
This novel gradient coil is curved about the longitudinal axis to increase gradient 
performance and the size of the imaging region (Fig. 1).  The gradient coil was tested 
inside the 21-cm-inner-diameter gradient insert of a Varian 9.4-T animal scanner, with the 
next-generation coil to be implemented in the neurology-dedicated 7-T scanner. 
 

Theory: Gradient fields must satisfy two requirements to ensure accurate image 
reconstruction: they must be one-to-one, and they must be sufficiently strong to dominate 
B0 inhomogeneities produced by the magnet or the sample.  For the cradle gradient coil, 
this corresponds to a maximum theoretical imaging region of 10 cm by 14 cm in the xz-
plane.  A cradle coil has a larger imaging region than does a planar coil (1) due to its higher 
efficiency, yet it still produces significant image distortion due to non-linear gradients.  A 
dedicated unwarping algorithm is necessary to further expand the useable imaging volume. 
 

Methods and Results: The current density of the cradle gradient coil was determined by 
minimizing a cost function that took into account the gradient strength, uniformity, net 
torque, and power dissipation.  Wire patterns were derived from a uniform contouring of 
the stream function. 

Wire patterns were milled out of 2.4-mm-thick copper sheet (Fig. 2).  Copper boards 
were then curved in a roller and nested on top of each other.  Eight water-cooling channels 
were incorporated into the coil, after which the gradient coil was potted with a high thermal 
conductivity epoxy.  Fiberglass rods attached the gradient coil to the patient and service 
ends of the scanner to reduce vibration during operation. 

A three-dimensional algorithm was developed to correct for image distortion caused 
by spatially dependent gradient fields.  Three simultaneous coordinate and intensity 
transformations were generated, based on theoretical field maps, and were used as a lookup 
table to correct acquired images.  3D-FLASH images of a grid phantom and mouse brain 
were acquired and corrected for image distortion (Figs. 3 and 4). 
 

Discussion: The cradle coil was designed to produce large gradient efficiencies (up to 2.3 
mT/m/A) over a 5-cm FOV.  The curvature of the gradient coil increased its figure of merit 
by 11% over a planar coil of the same width. For a whole-body gradient coil, the curvature 
would mimic that of the torso to allow for the entire width of the bore to be used. 

The correction algorithm significantly reduced spatial distortion and intensity variation 
in the grid-phantom image of Fig. 3.  This algorithm has the ability to correct an arbitrary 
slice and does not require any prior knowledge of the position of the sample.  Although the 
cradle gradient coil rested on the bottom of the clear bore, no eddy-current effects were 
noticeable during imaging. 

By replacing a head-only gradient coil with a cradle gradient coil, the functionality of a 
neurology-dedicated scanner would be extended to include imaging of the spine and heart. 
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a)  b)  
Fig. 1. (a) A photograph of the cradle 
gradient coil. (b) A schematic end-view 
showing the location of the sample. 

 

 
Fig. 2. The x-, y-, and z-gradient boards. 
 

a)  

b)  
Fig. 3. Axial, coronal, and sagittal slices 
of a grid phantom (a) before and (b) 
after distortion and intensity correction 
have been applied.  1.3-cm grid. 
 

a) b)  
Fig. 4. An (a) axial and (b) coronal slice 
of a mouse brain after distortion-
correction has been applied. 
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